. The only one non-lipid-dependent species, M. pachydermatis, is commonly recovered from dogs and cats [1, 2, 3, 4, 27] .
involved as a secondary factor in canine otitis externa and skin infections, which are manifested by irregularly superficial to interstitial dermatitis wherein hyperkeratosis and lymphocytic exocytosis are prominent [7, 19] .
At the present, the therapy of malassezia-dermatitis is usually based on topical or systemic administration of antifungals (mainly those of azoles) and direct topical application of antiseptic substances. An alternative and attractive possibility of supportive therapy is the use of essential oils.
Essential oils (EOs) are concentrated, hydrophobic substances containing volatile aroma compounds from different parts of plants extracted by steam distillation and by various solvents [21, 22] . The main constituents of essential oils -mono-and sesquiterpenes including carbohydrates, alcohols, ethers, aldehydes and ketones -are responsible for the fragrant and biological properties of aromatic and medicinal plants. Various EOs produce pharmacological effects, demonstrating anti-inflammatory, antioxidant and anti-carcinogenic properties [16] .
On the basis of the results obtained in the preliminary study [25] , the main objective of this study was to determine the effectiveness of the selected EOs in three different concentrations (0.5 %, 5 % and 30 %) against M. pachyder matis isolated from the external ear canals of healthy dogs.
MATERIALS AND METHODS

Phenotypic and genotypic identification of Malassezia pachydermatis.
Isolates (n = 18) of M. pachydermatis were obtained from swabs of external ear canals of healthy dogs. The identification of yeasts was performed on the basis of detailed phenotypic features according to Kaneko et al. [17] and confirmed by genotypic PCR methods according to Gait anis and Veleg ra k i [13] .
Selection and composition of essential oils
Essential oils of the following medicinal plants were tested: bergamot, cedar, chamomile, cinnamon, clove, grapefruit, juniper, lavender, oregano, pine, sage, saturejawinter savory, tea tree and common yarrow. The EOs were obtained from the Calendula company (Nová Ľubovňa, Slovakia) as pure substances (concentration of 100 %) and their composition is listed in Table 1 . Three concentrations were used: 0.5 %, 5 % and 30 %. Mineral oil -liquid paraffin (Merck KGaA, Darmstadt, Germany) was chosen to dilute the pure essential oils to the required concentrations.
It was selected for its inertness so as to prevent the false positivity (antifungal activity of the diluent itself). Pure and 
Testing of sensitivity
The sensitivity of 18 isolates and one reference strain of M. pachydermatis (CBS 1879, CBS-KNAW Fungal Biodiversity Centre, Utrecht, Netherlands) was evaluated by a modified disc diffusion method M44-A2 [9] . The method is based on pathogen growth inhibition, manifested by the development of diffusion zone due to the release of the antifungal substances from impregnated paper discs. A reference strain of M. pachydermatis was used as a control.
In the experiment, 7 The antifungal efficiency was expressed as a ratio of the number of sensitive isolates and the number of the isolates tested.
RESULTS
We evaluated the antifungal activity of the EOs at concentrations 0.5 %, 5 % and 30 %. The lowest tested concentration (0.5 %) was not sufficient to inhibit the growth of Malassezia; all the inhibition zones were 0 mm (data not shown). All essential oils at a concentration of 0.5 % were not sufficient to inhibit the growth of both the isolates and the reference strain (all the inhibition zones were 0 mm), therefore these are not included in the table.
DISCUSSION
The essential oils can act as antibacterial agents against a wide spectrum of pathogenic bacterial strains including Several EOs can act also on various microscopic fungi, e. g.
Aspergillus niger, Geotrichum candidum [26], Trichophyton rubrum, T. mentagrophytes, Microsporum canis, Epidermo
phyton floccosum [8] , Candida albicans and Malassezia fur fur [11] .
According to the results of our study, the essential oils of clove, cinnamon and oregano in concentration of 30 % showed excellent activity against M. pachydermatis. The formation of inhibition zones of cedar, chamomile, sage, grapefruit and tea-tree oil indicated their partial efficacy, however, based on the methodology they cannot be assessed as effective. P. graveolens essential oil appeared to be the most effective, inhibiting all the Candida species evaluated in their study [23] . Also, the results of our study demonstrated, that the efficiency of oregano EO was excellent (100 %) at higher concentration,
In our results, 100 % efficiency was recorded by clove, cinnamon and these are comparable to the study of Rus enova and Par vanov [24] . In their study, twelve essential oils (thyme, clove, cinnamon, marjoram, tea tree, clary sage, peppermint, lemon, grapefruit, lemongrass, mandarin and oregano) were tested for inhibitory activity against some microorganisms of veterinary interest including Candida spp. and M. pachydermatis using the disc diffusion procedure. According to their results, the most potent essential oils were cinnamon, oregano, lemongrass and thyme.
Essential oils of various Juniperus species were tested by C ava leiro et al. 
The antifungal action of various EOs against Aspergillus niger
and Geotrichum candidum was also tested by Ver ma et al. [26] . By using different concentrations of EOs (5, 10, 20, 30, 40 and 50 ppm), it was concluded that clove, lemon, orange and peppermint oil, already at the lowest concentration, had activity comparable to ketoconazole in the same concentration, whereas the effect of castor, olive and cedar oil was inadequate. 
CONCLUSIONS
